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(57) ABSTRACT

A Iidar system, including a base, a sensor body, and a motor
having a shaft. The motor 1s athixed to the base, and can drive
the sensor body 1n rotation with respect to the base. An LED
device and a light sensor are each mounted upon the sensor
body. A data processing device 1s also mounted upon the
sensor body, and 1s programmed to produce range informa-
tion based upon the sensor data. The shait carries two slip

rings. The LED, the sensor and the data processing device all
receive electrical power via the two slip rings. The data
processing device 1s configured to transmit the range nfor-
mation via the two slip rings using pulse width modulation.
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1
ROTATING LIDAR

The present application 1s a Continuation Application of
U.S. patent application Ser. No. 14/738,788, filed Jun. 12,

2015, which 1s incorporated herein by reference for all
pUrposes.

The present invention relates to a rotating lidar system (an
illumination-based remote sensing technology for detecting
objects and measuring their range), such as for use 1n
vehicles like aircrait or automobiles.

BACKGROUND OF THE INVENTION

Present day lidar systems are typically thought of as a
combination of laser technologies with existing radar-type
range and direction detection systems. Commercial systems
have been used for high altitude aerial 360 degree scanning,
of landscapes, and similar scanning operations, as their
lasers offer no optical threat to scanned individuals. An
important limitation to the typical laser based lidar systems
1s that they must limit direct exposure to an individual
observer, so as to avoid burning the retinas of the observed
individuals. These systems operate at great range, and thus
have little need for the sensing of instantaneous changes.
Amateur systems broaden this technology to less-harmiul
light based sensor systems that can be implemented more
locally, but are limited by structural constraints that can limait
the operation of the system both spatially and speed-wise.

It 1s also known to using other than highly concentrated
laser light for lidar, 1t 1s also known to use not-laser light,
such as from an LED, to operate a lidar system. As a highly
local observation system, this system needs to be extremely
time sensitive, as changes 1n local conditions can be highly
active, and need to be detected extremely rapidly, and over
a wide range of observation.

Existing systems, such as ones based on fixed wires or
rotating mirrors, limit the range of viewing of lidar systems,
typically having blind spots and/or limitations on 360 degree
rotations. Moreover, past attempts to overcome these limi-
tations are based on electro/mechanical technologies that
limit bandwidth communications and the related data trans-
fer of information that needed to be processed to calculate
range and directional information to access the full potential
of the lidar system.

It 1s understood there exists a need for improved lidar
systems that operate over 360 degrees and allow for safe
interactions with observed individuals, and that further
provide for high scanning data rates to provide for signifi-
cantly real-time observation.

SUMMARY OF THE INVENTION

In various embodiments, the present mnvention solves
some or all of the needs mentioned above, providing a lidar
device that can allow for safe interactions with observed
individuals, and that further provide for high scanning data
rates to provide for real-time operation of a device using the
lidar for guidance.

The lidar system includes a base, a sensor body, and a
motor having a stator and a rotor. The rotor has a shait that
the stator can drive 1n rotation. The motor 1s aflixed to the
base and sensor body such that the motor can drive the
sensor body in rotation with respect to the base. An 1llumi-
nation device 1s mounted upon the sensor body, and 1s
configured to emit 1llumination. A sensor 1s also mounted
upon the sensor body, and 1s directed to receive 1llumination
emitted by the 1llumination device and reflected back toward
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the sensor. A data processing device 1s also mounted upon
the sensor body, and 1s programmed to produce range
information based upon the sensor data.

Advantageously, the presence of the data processing
device on the sensor body provides for a large amount of
sensor data to be resolved down into a comparatively small
amount of range data. This smaller stream of data provides
for high data transmission rates from the sensor body to the
base, which can be accomplished over a structurally favor-
able electromechanical structure.

The lidar system further features two slip rings on the
shaft. The illumination device, the sensor and the data
processing device all receive electrical power via the two
slip rings. The data processing device 1s configured to
transmit the range imnformation via the two slip rings using
pulse modulation. Advantageously, this electromechanical
structure minimizes cost, weight, and risk of electronic or
mechanical failure.

Other features and advantages of the invention will
become apparent from the following detailed description of
the preferred embodiments, taken with the accompanying
drawings, which illustrate, by way of example, the prin-
ciples of the invention. The detailed description of particular
preferred embodiments, as set out below to enable one to
build and use an embodiment of the invention, are not
intended to limit the enumerated claims, but rather, they are
intended to serve as particular examples of the claimed
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a lidar device embodying
the present invention.

FIG. 2 1s a cross-sectional front view of a portion of the
lidar device depicted in FIG. 1.

FIG. 3 1s a schematic view of the electronic systems of the
lidar device depicted in FIG. 1.

FIG. 4 1s a perspective view of a portion of the lidar
device depicted in FIG. 1.

L1

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

The mvention summarized above and defined by the
enumerated claims may be better understood by referring to
the following detailed description, which should be read
with the accompanying drawings. This detailed description
of particular preferred embodiments of the invention, set out
below to enable one to build and use particular implemen-
tations of the invention, 1s not intended to limit the enumer-
ated claims, but rather, 1t 1s intended to provide particular
examples of them. Furthermore, there 1s no intent to be
bound by any expressed or implied theory presented in this
application.

With reference to FIG. 1, typical embodiments of the
present invention reside 1n a rotating lidar system for mount-
ing on a device that would benefit from a lidar system (not
shown), such as an unmanned aerial vehicle (“UAV™). The
lidar system includes a base 101, a sensor body 103, and a
motor 105. The motor has a stator 107, a rotor 109, and a
shaft 111 athixed to the rotor. The stator 1s configured to drive
the rotor (and thereby the shaft) in rotation.

The motor 105 1s athixed to the base 101 and sensor body
103 such that the motor can drive the sensor body 1n rotation
with respect to the base. More particularly (though not
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necessarily), the stator 107 1s atlixed to a motor housing 113,
which 1s 1n turn atlixed to the base, while the shaft 111 1s
allixed to the sensor body.

The base 101 1s configured for mounting to the device that
would benefit from a lidar system, e.g., a UAV or automo-
bile. The base includes a base printed circuit board (“Base
PCB”) 121 housing a microcontroller control system 123 1n
the form of electronic devices 125 such as a CPU and
memory mounted on the Base PCB.

The sensor body 103 includes a sensor board made of a
pair ol sensor body PCBs (*“SB PCBs”) mounted offset and
in parallel. A first SB PCB 131 of the pair of SB PCBs
carries an illumination device 133, which 1s mounted upon
the sensor body 103, and 1s configured with an LED 135
(1.e., a light emitting diode) to emit i1llumination at selected
times. A second SB PCB 137 of the pair of SB PCBs carries
a sensor 139 mounted upon the sensor body, being directed
to receive 1llumination emitted by the 1llumination device
and reflected back toward the sensor by an illuminated

object. The sensor 1s further configured to emait sensor data
based on the reflected, received i1llumination.

The illumination device 133 and sensor 139 are directed
parallel to one another 1n a sensing direction that 1s normal
to a rotor axis of rotation 141 that i1s defined by the
orientation of the rotor 109 and shatt 111. The 1llumination
device i1lluminates objects at which 1t 1s directed, and the
sensor then recerves the reflected 1llumination that 1s emaitted
by the illumination device and reflected back toward the
sensor by the objects at which 1t 1s directed. When the motor
drives the sensor body 1n rotation, sensor data 1s generated
throughout the arc through which the sensing direction
passes.

The sensor body 103 further includes a microcontroller
data processing device 143 mounted upon the sensor body,
the data processing device being programmed to reduce the
sensor data to relevant information data, and more particu-
larly, to produce range information based upon the sensor
data recerved from the sensor. The data processing device 1s
located on the first and/or second SB PCBs, 131, 137, and
1s 1n the form of electronic devices 151 such as a CPU and
memory mounted on the SB PCBs.

The control system 123 1s programmed to control the
operation of the motor 105. More particularly, the control
system 1s adapted to direct the motor 1n a variety of different
operations. In a first operation, the control system 1s adapted
to repeatedly rotate the rotor 109 and shaft 111 (and thus the
sensing direction of the sensor body 103) 360 degrees 1n one
rotational direction while both the i1llumination device 133
and the sensor 139 are operating, 1.e., to continually scan for
range mformation over 360 degrees 1 one rotational direc-
tion.

In a second action, the control system 123 1s adapted to
direct the motor 105 to fix the position rotor 109 and shatt
111, and thereby the sensing direction of the sensor body
103, 1n a single direction for an extended period of time
while both the illumination device 133 and the sensor 139
are operating, so as to generate range information 1n a single
sensing direction. This operation 1s particularly of interest
when a device that would benefit from a lidar system (e.g.,
a UAV) allixes itself I n a single location and observes either
the presence of or the distance of a single target.

In a third operation, the control system 123 1s adapted to
direct the motor 105 to rotate the rotor 109 and shaft 111, and
thereby the sensing direction of the sensor body, back and
torth 1n opposite rotational directions over a limited range of
less than 360 degrees while both the 1llumination device 133
and the sensor 139 are operating. More typically 1n this third
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operation the rotor and shaift 1s rotated over a small range
less than 90 degrees, or even less than 30 degrees, such as
to watch for movement in a limited range of rotational
directions.

A fourth operation of the control system 123 1s the same
as that of the third operation, except that the control system
1s further adapted to adjust the limits of the limited range of
motion based upon the sensed readings so as to track and
tollow both the range and the direction of a sensed object,
even as 1t may travel over a range of rotational directions far
exceeding the limited range of rotational directions that are
being scanned.

With a typical laser device, limited range-of-motion
actions (and particularly operations that fix the illumination
device 1n a single direction) would put observed humans and
amimals at significant optical risk (i.e., risk of eye damage)
due to the eflect a laser could have on the eyes with
significant exposure. The fact that this preferred embodi-
ment operates with an LED rather than a laser, means that
the risk of optically harming the subject of observation 1s
substantially limited or eliminated. Moreover, LED illumi-
nation 1s more eflective 1 detecting glass than a laser, and
1s far less likely to be misled by a narrow crevice.

Of course, the use of a less focused light (e.g., an LED)
results 1n a limited range (1.e., distance) of operation. The
limit to this viewing range depends on of the illumination
device 133 and the sensor 139. Preferably, the in this
embodiment the illumination device 1s an infrared LED
device, and the sensor 1s an infrared sensor.

To support the multiple types of operation of the system,
the lidar system needs a competent rotation detection system
to establish and confirm the rotational direction of the sensed
information, even as the motor 105 repeatedly changes
orientation. To this end, the lidar system further includes a
positional sensor system including a magnet 173 separate
from the motor, and a magnet index sensor 175 separate
from the motor.

The motor 105 1s a stepper motor, typically operating in
2 degree increments. The data processing device 143 1is
configured to confirm the position of the rotor with respect
to the stator using the magnet 173 and the magnet index
sensor 175. Thus, even though a stepper motor 1s generally
configured to know 1ts position relative to its last position,
the magnet and magnet index sensor adjust and confirm this
information each time the magnet and sensor pass one
another, providing an absolute reference from which to
operate. In the present embodiment, the magnet 1s aflixed to
the base 101, and the magnet index sensor 1s a Hall Effect
magnet sensor aflixed to the sensor body 103.

In prior art systems, a fundamental tlaw 1s the conflict
between the desired range of motion and the physical
constraints 1mplied by communication systems. For
example, 1t 1s known to place all electrical devices (includ-
ing the illumination device and sensor) on a stationary
platiorm, and then to direct the illumination by spinning a
mirror. Such devices have limitations because of blind spots
caused by wiring and/or spinning structures blocking the
view. In systems where an illumination device and sensor
have viewing impediments, the system has a significant
limitation.

Moreover, any rotating portion of the system that has
clectric components (like a laser) may need to be powered
and controlled. Any information generated by the rotating
system (e.g., sensed sensor data) must be passed back to
non-rotating systems. Directly wired spinning optical sys-
tems cannot repeatedly spin 360 degrees because of the
wiring. Optical systems using spinning mirrors inherently
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have a blind spot where the wires from the mirror control
system (or the transmitter/receiver system) cross the view of
the mirrors 1n order to put the two systems 1n communica-
tion.

A large number of slip rings (e.g., four or more) could be
used to transier both any power requirements of a rotating
body, and to further communicate the sensed data from a
sensor. Nevertheless, this type of system would lead to a
significant number of failure scenarios (i.e., risk factors).
Every slip ring increases not only the risk of system failure,
but also to the cost and complexity of the system. Moreover,
every slip ring adds additional resistance to the rotation of
the rotating body, and thus aflects the accuracy of the
system. The present embodiment provides a better solution
to this 1ssue.

The present embodiment includes only two slip rings 161,
each with two brushes, to transter both information and
power. The illumination device 133, the sensor 139 and the
data processing device 143 receive electrical power via the
two slip rings. Also the data processing device 1s configured
to transmit the generated range information via the two slip
rings using pulse modulation. The passage of pulse modu-
lated data on a power line puts limits on the bandwidth that
can be communicated while full power 1s delivered. Nev-
ertheless, the use of only two slip rings 1s a viable solution
because the range information generated by the data pro-
cessing device 143 requires substantially less bandwidth
than would be needed to directly transmit the sensed data
from the sensor. Thus, the system can operate at a very high
rate of range data generation while being a low power lidar
system.

The lidar system receives power from a power source 201
attached to the base 101. The power from the power source
1s passed via the two slip rings 161 to the sensor body 103,
where 1t 1s distributed where needed on the sensor body
(e.g., to the 1llumination device 133, the sensor 139 and the
data processing device 143.

The power passed through the slip rings 161 1s modulated
by the motor control system 123 to pass mode of operation
information for use by the data processing device 143. The
modulated power signal 1s passed via the slip rings 161 to
the sensor body 103, where the power 1s distributed to a
power bus 179.

The information in the modulated power signal 1s trans-
lated 1n a sensor body level translator 181, and then passed
to the data processing device 143, providing i1t with the mode
ol operation information. The data processing device con-
trols the operation of the illumination device 133, and sensor
139, and receives sensor data from the sensor. The data
processing device also monitors the magnet index sensor
175 for positional information. The data processing devices
calculates range information that corresponds with the rota-
tional position of the sensor body 103.

The range and position information for each sensing
direction 1s then modulated into the power signal by the data
processing device 143. On the other side of the slip rings
161, a base level translator 183 translates the information
and passes 1t to the control system 123 for external dissemi-
nation.

Thus, the slip rings allow sending power and data over
two wires. The two brushes per slip ring increase the
reliability of the link. The sensor body 103 places data on
this line by pulling 1t low. This encoding 1s used to minimize
the power loss to the sensor body. The serial data from the
sensor body 1s encoded by an IRDA encoder and converted
to narrow pulses that are superimposed on the input power.
A diode 211 on the sensor body 103 i1solates these pulses. On
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the base 101, these narrow pulses are converted to a digital
pulse stream using the level transistor 181 and fed to the
control system 123. The control system then converts the
IRDA stream to UART serial data and sends out the packets
to the device requiring a lidar device (e.g., the UAV).

There 1s a tradeodl between the eflicient delivery of power
to the rotating components and the efl

icient delivery of
information. Nevertheless, by doing all the range informa-
tion calculation on the rotating body, the amount of infor-
mation to be transmitted 1s severely reduced, and therefore
the eflect on the power delivery can be extremely limited.

Advantageously, the features of this invention provide for
a lidar device having a very high data capacity. For example,
with over 5 sensor body 103 rotations per second, on the
order of 1000 data points per second can be generated and
transmitted by a lidar device weighing roughly 35 grams and
requiring 1.4 W. Moreover, the data processing device 143
might not need cooling, as the rotation of the sensor body
can create continuous airflow over the electronic devices
151 on the sensor body. Thus, the present embodiment
provides for a lidar device that 1s lightweight, inexpensive,
reliable, optically sate, and accurate, all while operating at
high data rates.

It 1s to be understood that the invention comprises appa-
ratus and methods for designing and for producing lidar
devices under the present invention, as well as the apparatus
and methods of the invention 1itself. Additionally, the various
embodiments of the invention can mcorporate various coms-
binations of these features and/or other systems incorporat-
ing the described features. In short, the above disclosed
features can be combined 1n a wide variety of configurations
within the anticipated scope of the invention.

While particular forms of the invention have been 1llus-
trated and described, 1t will be apparent that various modi-
fications can be made without departing from the spirit and
scope of the invention. Thus, although the invention has
been described in detail with reference only to the preferred
embodiments, those having ordinary skill in the art will
appreciate that various modifications can be made without
departing from the scope of the invention. Accordingly, the
invention 1s not intended to be limited by the above discus-
sion, and 1s defined with reference to the following claims.

What 1s claimed 1s:

1. A lidar system, comprising;

a base;

a sensor body;

a motor having a stator and a rotor, the rotor having a shaft
that the stator can drive 1n rotation, wherein the motor
1s aflixed to the base and sensor body such that the
motor can drive the sensor body 1n rotation with respect
to the base;

a printed circuit board on the base, the printed circuit
board housing a control system that controls the opera-
tion of the motor;

an 1llumination device mounted upon the sensor body and
being configured to emit 1llumination;

a sensor mounted upon the sensor body and directed to
receive 1llumination emitted by the illumination device
and reflected back toward the sensor, and to emit sensor
data based on the received 1llumination; and

a data processing device including an electronic CPU
mounted upon the sensor body, the data processing
device being programmed to produce range and posi-
tion mformation based upon the sensor data.

2. The lidar system of claim 1, and further comprising a

control system configured to control the operation of the
motor, wherein the control system i1s adapted to direct the
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motor to repeatedly spin 360 degrees 1n one direction, and
wherein the control system 1s further adapted to direct the
motor to spin back and forth in opposite directions over a
limited range motion of under 360 degrees.

3. The lidar system of claim 2, wherein the control system
1s further adapted to adjust the limits of the limited range of
motion based upon the range information so as to track a
sensed object.

4. The lidar system of claim 2, wherein the 1llumination
device 1s an infrared LED device, and wherein the sensor 1s
an inirared sensor.

5. The lidar system of claim 1, and further comprising a
control system configured to control the operation of the
motor, wherein the control system 1s adapted to direct the
motor to repeatedly spin 360 degrees 1n one direction, and
wherein the control system 1s further adapted to direct the
motor to fix the rotor 1n a single direction for an extended
period of time while both the i1llumination device and the
sensor are operating.

6. The lidar system of claim 35, wherein the 1llumination
device 1s an 1infrared LED device, and wherein the sensor 1s
an inirared sensor.

7. The lidar system of claim 1, wherein:
the shaft includes two disk-shaped slip rings;
the 1llumination device, the sensor and the data processing

device receive an electrical power signal via the two

disk-shaped slip rings; and

the data processing device 1s configured to modulate the
power signal to transmit the range and position infor-
mation via the two disk-shaped slip rings.

8. The lidar system of claim 7, wherein the data process-
ing device 1s further configured to transmit the range and
position information via the two slip rings using pulse width
modulation and an IRDA protocol.

9. A lidar system, comprising;:

a base:

a sensor body;

a motor having a stator and a rotor, the rotor having a shaft
that the stator can drive 1n rotation, wherein the motor
1s aflixed to the base and sensor body such that the
motor can drive the sensor body 1n rotation with respect
to the base;

a printed circuit board on the base, the printed circuit
board housing a control system that controls the opera-
tion of the motor:

an 1llumination device mounted upon the sensor body and
being configured to emit illumination;

a sensor mounted upon the sensor body and directed to
receive 1llumination emitted by the illumination device
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and reflected back toward the sensor, and to emit sensor

data based on the received i1llumination; and
a data processing device including an electronic CPU
mounted upon the sensor body, the data processing
device being programmed to reduce the sensor data to
relevant information data including range and position
information data;
herein the shaft includes two slip rings;
herein the illumination device, the sensor and the data
processing device receive electrical power via the two

slip rings; and

wherein the data processing device 1s configured to trans-

mit the relevant information data via the two slip rings.

10. The lidar system of claim 9, wherein the data pro-
cessing device 1s further configured to transmit the relevant
information data via the two slip rings using pulse width
modulation.

11. The lidar system of claim 9, wherein the data pro-
cessing device 1s further configured to transmit the relevant
information data via the two slip rings using pulse width
modulation and an IRDA protocol.

12. The Iidar system of claim 9, and further comprising a
control system configured to control the operation of the
motor, wherein the control system i1s adapted to direct the
motor to repeatedly spin 360 degrees in one direction, and
wherein the control system 1s configured to direct the motor
to spin back and forth 1n opposite directions over a range of
motion under 360 degrees.

13. The lidar system of claim 12, wherein the control
system 1s further adapted to adjust the limits of the limited
range of motion based upon the relevant information data so
as to track a sensed object.

14. The lidar system of claim 12, wherein the 1llumination
device 1s an infrared LED device, and wherein the sensor 1s
an infrared sensor.

15. The lidar system of claim 9, and further comprising a
control system configured to control the operation of the
motor, wherein the control system i1s adapted to direct the
motor to repeatedly spin 360 degrees in one direction, and
wherein the control system 1s further adapted to direct the
motor to fix the rotor 1n a single direction for an extended
period of time while both the i1llumination device and the
sensor are operating.

16. The lidar system of claim 15, wherein the 1llumination
device 1s an infrared LED device, and wherein the sensor 1s
an infrared sensor.
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